412 ANALYTICA CHIMICA ACTA VOL. 3 (1949) 


STUDIES IN THE ANALYTICAL CHEMISTRY OF SODIUM 


III. 6:8-DICHLOROBENZOYLENE UREA AS A REAGENT FOR SODIUM 


by 
Ir. BATES AND RR. BELCHER 
Department of Chenistry, The University, Aberdeen (Scotland) 


6:8-Dichlorobenzoylene urea has been recommended as a qualitative reagent 
for sodium by SHeIBLEyY!, Earlicr, SHEIBLEY AND TURNER? had recommended the 
corresponding dibromo compound, but the difference in solubilities of the potas- 
sium and the sodium salts was not sufficiently marked to allow the two to be 
easily differentiated. SHEIBLEY’s results are included in Table I. The present 
paper describes a critical examination which we have made of SHEIBLEY’s reagent. 
The sensitivity of the test for sodium has been re-determined, and the reactions 
with some metals other than the alkali metals have been examined. The quanti- 
tative applications of the reagent have been also investigated. 


TABLE t 
TUL REACLIONS OF THE POTASSIUM COMPOUND OF 6:8-DICHLOROBENZOYLENE UREA WITH 
VARIOUS IONS (SHEIBLEY) 
Equal Volumes of Test Solution and Reagent mixed 


Salt Molarity ; Result 

NaCl 0.5 Immediate heavy white precipitate 

NaCl 0.2 Precipitate after 10 minutes 

NaCl O.1 Precipitate within 1h later becoming voluminous 
NaCl 0.05 Trace of precipitate 4 h or later 

RbCl 1.0 Like o.1 M NaCl 

CsCl 1.0 No precipitate 

NH,Cl I.0 Precipitates free 6:8-dichlorobenzoylene urea 


Our tests on the sensitivity of the reaction agree fairly well with those obtained 
by SHEIBLEY, but the reagent is not to be recommended, for it gives precipitates 
with solutions of potassium salts even at low concentrations. This was found to 
be due to hydrolysis and formation of free 6:8-dichlorobenzoylene urea, and not 
to precipitation of the potassium compound, for the precipitate yielded no residue 
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when ashed with sulphuric acid. SHEIBLEY does not appear to have examined 
the reactions of his reagent with solutions containing potassium. 

In the first series of tests, we used a reagent having the composition recom- 
mended by SHEIBLEY, prepared by dissolving 0.05 g of 6!8-dichlorobenzoylene 
urea and 0.1 g of potassium hydroxide in 10 ml of water. This is referred to as 
Reagent I. The results obtained are included in Table II. Calcium, magnesium 
and aluminium give precipitates with the reagent. Later tests, using solutions of 
potassium and sodium hydroxides as the test solutions, showed that free hydroxide 
has an inhibitory effect on the formation of the precipitate (Table III); on the 
other hand, unless an excess of potassium hydroxide is present, the free compound 
precipitates on standing because of hydrolysis. Tests were undertaken to find 
the minimum amount of potassium hydroxide which must be present to prevent 

TABLE II 


THE REACTIONS OF THE POTASSIUM COMPOUND OF 6:8-DICHLOROBENZOYLENE UREA WITII 
VARIOUS IONS (REAGENT 1) 


Rea- 
gent ; Result 
ml 


Cat? | Ait3 
mg mg 


NH,* | Mgt? 
mg mg 


Immediate white crystalline 
precipitate 

Immediate white crystalline 
precipitate 

Precipitate after 5 min 
Precipitate after 30 min 
Few crystals overnight 
Precipitate after 6 min 
Slight precipitate after 15 
min 

Shght precipitate after 30 
min 

Few crystals overnight 

No precipitate overnight 
White precipitate of free 
compound 

Immediate white precipitate 
Immediate white precipitate 
Immediate white precipitate 
Immediate white precipitate 


Immediate white precipitate 
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this hydrolysis. The results are included in Table IV. The most suitable composi- 
tion of the reagent appears to be 0.05 g of 6:8-dichlorobenzoylene urea and 0.025 g 
of potassium hydroxide in 5 ml of water (Reagent II). The theoretical amount 
of potassium hydroxide required by 0.05 g of 6:8-dichlorobenzoylene urea is 
0.01212 g. Further tests were carried out with the new reagent which showed it 
to be slightly more sensitive than the original reagent and that precipitation with 
potassium salts occurred slightly less readily. However, the interference of po- 


tassium is still sufficiently marked to make the reagent of little value as a test 
for sodium. 


TABLE III 


THE REACTIONS OF ‘LHIS POTASSIUM COMPOUND OF 6:8-DICHLOROBENZOYLENE UREA WITH 
SODIUM ANID POTASSIUM ILYDROXIDES 


Test Soln Na (as NaOH) | IX (as KOPF) 
ml mg ng 


Reagent | 


Result 
mi 


Crystals formed in 3 min 
Crystals formed in 9 min 
Crystals formed in 12 min 
Tew crystals formed in 30 min 


39 No precipitate after 30 min 


TABLE IV 
SOLUBILITY OF 6:8-DICHLOROBENZOYLENE UREA IN POFrASSIUM HYDROXIDE SOLUTION 


Wt of 6:8-Dichloro- Wt of KOH 
benzoylene urca g Vol. of water Result 
0.05 0.09 No precipitate on cooling 
0.05 0.09 Precipitate on cooling 
@.05 0.06 No precipitate on cooling 
9.05 0.06 Precipitate on cooling 
0.05 0.03 No precipitate on cooling 
9.05 0.03 No precipitate on cooling 
0.05 0.025 No precipitate on cooling 


0.05 . 0.020 Precipitate on cooling 


Since lithium salts in a fairly high concentration had produced no precipitates 
with the reagent (Table II) it was thought that a more satisfactory reagent might 
be prepared by substituting lithium hydroxide for the potassium hydroxide. 
Reagents containing various amounts of lithium hydroxide were prepared and the 
precipitates produced when these were added to solutions containing varying 
amounts of sodium, were recovered and weighed. To ensure that the reagent did 
not interfere by hydrolysing on standing, a definite volume of each lithium reagent 
was allowed to stand for the same period as the determinations and was examined 
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just prior to the filtration. Hydrolysis occurred only with the reagent containing” 
the least amount of lithium. The recoveries were very poor. They were low in 
every case and bore little resemblance to the required figures. The highest valucs 
were obtained with the reagent containing the least amount of lithium, but this 
was due in part to hydrolysis of the reagent. It is evident from these results, which 
are included in Table VI, that precipitation is incomplete. 

From the results of this critical examination, 6:8-dichlorobenzoylene urea 
cannot be recommended as a reagent for sodium. 


TABLE V 


THE REACTIONS OF IFHE POTASSIUM COMPOUND OF 6:8-DICHLOROBENZOYLENE UREA WITII 
SODIUM AND POTASSIUM (REAGENT I1) 

Reagent 
ml 


Test Soln} Nat 


mi] 


Result 


Immediate precipitate 

Immediate precipitate 

Precipitate in 2 min 

Heavy precipitate after few sec 

Slight precipitate after 10 min increased on standing 
Slight precipitate after 1 oh increased on standing 
Crystals after 4h 
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TABLE VI 
RECOVERY OF SODIUM AFIER PRECIPITATION BY THE LITHIUM COMPOUND OF 6:8-DICHLORO- 


RENZOYLENE UREA 


LiOH G6:8-Dichloro- | Amt. Nat Pei Le p ps (g) aya Blank 
g benzoylene urea mg ml Required 


Found 


0.5 0.25 0.016 Clear 
0.25 0.25 0.091 Clear 
O15 O.2 0.210 Ppt. 
0.5 0.25 0,005 Clear 
0.25 0.2 0.036 Clear 
0.15 0.25 0.091 Ppt. 


, 


EXPERIMENTAL 


Preparation of 6: 8-Dichlorobenzoylene urea 


The compound was prepared by the method described by SHEIBLEY, 3:5-di- 
chloranthranilic acid being synthesised by treating anthranilic acid hydrochloride 
with sulphuryl chloride. 6:8-Dichlorobenzoylene urea was prepared by fusing 
3:5-dichloroanthranilic acid with urea. 
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Cl H,N NE ean O 
INE, 5 Se ° NH 1,0 
Cc Cc COOH HIN ii + a+ He 


Preparation of the reagents 


A suitable aliquot of standard potassium hydroxide solution was added to a 
weighed amount of dichlorobenzoylene urea and made up to the required volume 
with water. The mixture was boiled until the compound dissolved and allowed 
to cool. 

Tests were carried out by adding xr ml of reagent to 1 ml of the test solution 
in a test-tube. When precipitation did not occur immediately the test-tube was 
shaken vigorously for r min, allowed to stand, and the time required for the first 
signs of precipitation noted. 


Tests with the lithium reagent 


0.25 g amounts of 6:8-dichlorobenzoylene urea were treated with suitable 
aliquots of a standard solution of lithium hydroxide and the solution made up 
to 50 ml and boiled until the organic compound dissolved. 40 ml of this reagent 
were added to 0.5 ml of the test solution containing sodium, and the mixture was 
allowed to stand overnight. The remaining ro ml of the reagent was kept as a 
control to note if hydrolysis occurred during the same standing time as the 
precipitate. The precipitates were filtered on sintered glass crucibles, washed 
with water and dricd to constant weight at 110° C. 


This communication consists of a portion of a thesis submitted by Eric BATES 
in partial fulfilment of the requirements for the degree of Master of Science, 
London University. 


SUMMARY 


6:8-Dichlorobenzoylene urea has been cxamined as a reagent for sodium. The reagent 
cannot be recommended for this purpose. Precipitation is incomplete and the reagent tends 
to hydrolyse so that it is impossible to differentiate sodium in the presence of potassium. 
RESUME 


La 6:8-dichlorobenzoylénc-urée a ét¢ examinée comme réactif du sodium, mais clle ne peut 
pas @tre recommandce. La précipitation est incomplete ct le réactif tend ds’hydrolyser; il est 
impossible de distingucr-Ie sodium en présence de potassium. 

ZUSAMMENFASSUNG 


6.8-Dichlorobenzoylen-harnstoff wurde als Reagens auf Natrium geprift, kann aber nicht 
empfohicn werden. Die Fallung ist unvolistiindig, das Reagens neigt zur Hydrolyse und es 
ist nicht méglich Natrium in Gegenwait von Kalium zu bestimmen. 
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